Abstract Predicting prognosis is the key factor in selecting the proper treatment modality for patients with spinal metastases. Therefore, various assessment systems have been designed in order to provide a basis for deciding the course of treatment. Such systems have been proposed by Tokuhashi, Sioutos, Tomita, Van der Linden, and Bauer. The scores differ greatly in the kind of parameters assessed. The aim of this study was to evaluate the prognostic value of each score. Eight parameters were assessed for 69 patients (37 male, 32 female): location, general condition, number of extraspinal bone metastases, number of spinal metastases, visceral metastases, primary tumour, severity of spinal cord palsy, and pathological fracture. Scores according to Tokuhashi (original and revised), Sioutos, Tomita, Van der Linden, and Bauer were assessed as well as a modified Bauer score without scoring for pathologic fracture. Nineteen patients were still alive as of September 2006 with a minimum follow-up of 12 months. All other patients died after a mean period of 17 months after operation. The mean overall survival period was only 3 months for lung cancer, followed by prostate (7 months), kidney (23 months), breast (35 months), and multiple myeloma (51 months). At univariate survival analysis, primary tumour and visceral metastases were significant parameters, while Karnofsky score was only significant in the group including myeloma patients. In multivariate analysis of all seven parameters assessed, primary tumour and visceral metastases were the only significant parameters. Of all seven scoring systems, the original Bauer score and a Bauer score without scoring for pathologic fracture had the best association with survival (P \ 0.001). The data of the present study emphasize that the original Bauer score and a modified Bauer score without scoring for pathologic fracture seem to be practicable and highly predictive preoperative scoring systems for patients with spinal metastases. However, decision for or against surgery should never be based alone on a prognostic score but should take symptoms like pain or neurological compromise into account.
Introduction
Despite advances in radiotherapy and chemotherapy, metastatic disease of the spine remains a challenging situation for spinal surgeons. An individual therapy should be chosen to provide the maximum palliative effect (reduction of pain, restoration of stability and function) with a minimum of operative morbidity and mortality [4, 19, 21] . Predicting survival is the key factor in selecting the proper treatment modality. While for patients with good prognosis excisional procedures including extensive curettage or en bloc resection of the vertebral body are recommended, for patients with poor prognosis treatment should be mainly limited to posterior instrumentation with or without laminectomy or even to non operative supportive care [7, 14, 15, 19] .
Various assessment systems have been designed to predict survival periods and to select the ideal treatment option. Such systems have been proposed by Tokuhashi [14, 15] , Sioutos [13] , Van der Linden [20] , Tomita [16] , and Bauer [2] . The scores differ greatly in the kind of parameters assessed and the weight of these factors in the total score. As a result, for the same patient, different survival periods might be calculated and contradictory treatment strategies advised. As surgical treatment for spinal metastatic disease only improves the quality of life in patients with an appropriate indication, the reliability of such scoring systems is essential [6, 21] . To our knowledge, no previous studies have been conducted before comparing more than two assessment systems for patients with spinal metastases. The purpose of the present study was to evaluate which system most accurately predicted survival.
Study participants and methods
Between January 1998 and September 2006, 69 patients (37 male, 32 female) with a mean age at operation of 60 years (median 61, range 30-79 years) were treated for spinal metastases at a single institution. The most frequent site of metastasis was the thoracic spine (41 cases), followed by the lumbar (22) , and cervical (6) spine. The patients were referred for treatment due to a neurological deficit (39 patients), pain combined with a present fracture without neurological deficit (7 patients), or pain combined with a progressive osteolysis and impending fracture (23 patients). Thirty-seven patients had already preoperatively received chemotherapy, in 24 patients radiotherapy has been applied preoperatively to site of spinal metastases.
Using the Tokuhashi classification for the extent of the operation [15] , 29 patients underwent palliative dorsal procedures while 40 patients underwent excision of vertebral body lesions (excisional procedure group).
Original parameters
Eight parameters were preoperatively assessed for each patient: localisation (cervical vs. thoracic vs. lumbar), primary tumour, pathological fracture, visceral metastases, number of spinal metastases, number of extraspinal bone metastases, Karnofsky score [8] , and severity of spinal cord palsy. As the weight of this last parameter is different for Tokuhashi (three groups using Frankel's scale [5] ) and Sioutos score (two groups using MRC motor strength scale [10] ), the possible influence was calculated twice. The influence of these eight parameters was analysed by logrank test for univariate analyses with the software package SPSS, version 14.0 (Chicago, IL). The influence of the seven original parameters used in the scores (excluding location as a parameter) was analysed by Cox proportional hazards model for multivariate analyses. For the multivariate analysis, the MRC motor strength scale was used to score the severity of spinal cord palsy [10] . The grade of malignancy of the primary tumours was thought to be reflected best by the growth speed and therefore, according to Tomita [16] (6) , melanoma (2), malignant teratoma (1), liver (1), stomach (1), colon (1), sigma (1), rectum (1), pancreas (1)]. As only in the original Bauer score, multiple myeloma patients were included [2] but not in the other scoring systems, all analyses were calculated twice-including them (total n = 69) and excluding them (total n = 59).
Evaluation of scores
In a prospective manner, for each patient preoperatively, the total number of points was calculated using three scoring systems (Sioutos [13] , Tokuhashi [15] , and Bauer [2] ). In a retrospective manner, for each patient, three other scoring systems were applied-Van der Linden [20] , Tomita [16] , and Tokuhashi revised [14] . Furthermore, based on the fact that Bauer stated in his publication ''the (statistical) impact of pathologic fracture was evident in the extremity group only'' [2] , we tested a modified Bauer score without scoring for pathologic fracture-proposing three groups with 0-1 versus 2 versus 3-4 positive parameters (Fig. 1) . This study was also performed to evaluate the prognostic value of each score and to compare the survival predicted by those scores with the real survival. This has been tested for the Tomita und Tokuhashi score for 37 renal cancer patients by Ulmar et al. in 2006 [18] . Based on the original publications, patients were assigned to the following prognostic groups: Tokuhasi [15] Survival analysis was performed by using the log-rank test. Survival curves were created by using the KaplanMeier life-table analysis. A P value \ 0.05 (two-tailed) was considered significant. The data were compiled and analysed with the software package SPSS, version 14.0 (Chicago, IL).
Results

Survival
Nineteen patients were still alive as of September 2006 with a minimum follow-up of 12 months. All other patients died after a mean period of 17 months after operation. Excluding the multiple myeloma patients, the mean overall survival was 21 months (median 10 months) ( Table 1) . For all patients (including the multiple myeloma patients), the mean overall survival was 28 months (median 14 months). Patients with multiple myeloma and breast carcinoma had the best overall survival, with a mean survival of 51 and 35 months, respectively. The mean overall survival was worst for lung cancer patients (mean 3 months), followed by prostate cancer (7 months), other (14 months), and renal cell carcinoma (23 months).
Chemotherapy was continued in 30 cases or started in 12 cases, about 14 days postoperatively. Postoperative radiation was started in 36 patients, 2-6 weeks after surgery while 24 patients had already received this therapy preoperatively.
Original parameters
At univariate survival analysis, the type of the primary tumour (Fig. 2) and the presence or absence of visceral metastases were significant parameters (Tables 2, 3 ). The Karnofsky score was only significant in the group including myeloma patients. In multivariate analysis, including all seven parameters assessed, primary tumour and visceral metastases were the only significant parameters (Tables 4, 5 ).
Evaluation of scores
The results of survival analyses for each score are shown in Table 6 . Mean and median survival periods as well as the 95% confidence intervals are presented for each prognostic group.
Analysing the difference in survival between each prognostic group the scoring systems by Tokuhashi (revised), Tomita, Bauer, Van der Linden, and the proposed modified Bauer score (without scoring for pathological Fig. 1 The proposed modified Bauer score excluding pathologic fracture as a prognostic factor fracture) provided statistically significant results, independent of including or excluding multiple myeloma patients. The original Tokuhashi score had a significant prognostic value in the group including multiple myeloma patients only. The Sioutos score showed no correlation between predicted and real survival (Fig. 3) . Although a statistical significance was calculated for the Van der Linden score, the clinical significance for our series of patients was estimated to be poor, as only two multiple myeloma patients were included in the best group C. Van der Linden proposed that this group alone should be admitted to surgery.
For our series the original Bauer Score and the proposed modified variant alone provided the highest statistical significance (P \ 0.001) in both groups (including/excluding multiple myeloma patients).
Discussion
To our knowledge, no previous studies have been conducted before comparing more than two assessment systems for patients with spinal metastases. Ulmar et al. [18] compared the Tomita score and the Tokuhashi score for 37 patients with renal metastases in 2007 and the original Tokuhashi prognosis score with the modified one in 217 patients, also in 2007 [17] . Of all seven scoring systems analysed in the present series, the original Bauer score and a Bauer score modified for pathologic fracture had the best correlation with the survival period (P \ 0.001) independently of inclusion or exclusion of multiple myeloma patients. The original Bauer score was designed to serve both, spinal metastases and extremity metastases. Bauer himself stated in his paper, published in 1995: ''…Patent pathologic fracture was related to lower survival compared to patients without fracture. This impact of fracture was evident in the extremity group only…'' [2] . As, to the authors' knowledge, pathologic fracture has never been shown to be a prognostic factor for patients with spinal metastases, we wanted to test if an even more simple assessment system could predict prognosis as good as the original version. The modified Bauer score stays simple and is of a high prognostic value. Four positive prognostic factors are included: (1) absence of visceral metastases, (2) solitary skeletal metastasis, (3) not primary lung cancer, (4) primary tumour breast, kidney, lymphoma or myeloma (Fig. 1) . We think that it is a valuable instrument for life expectancy estimation and therefore might help in deciding the treatment strategy for patients with spinal metastases.
Predicting survival stays, the key factor in selecting the proper treatment modality for patients with spinal metastases. While some authors state that patients with a life expectancy less than 3 months (as lung cancer patients in our series) should not be considered for operative treatment [22] , other authors extend this group to about 6 months or less [14, 16] . Calculated according to the modified Bauer score the ''no surgery'' group in the present study had a mean survival period of 7 months (median 3 months). While for patients with good prognosis excisional procedures including extensive curettage or en bloc resection of the vertebral body are recommended and for patients with a middle prognosis treatment should be mainly limited to posterior instrumentation with or without laminectomy [15, 16, 22] .
The most obvious limitation of the present study is the low number of patients included (69). However, the original scores have been created after analysing a similar number of patients [Bauer 88, Tomita 67, Tokuhashi (original) 64, and Sioutos 109]. Only Van der Linden et al. published data on 342 patients. Comparison with these patients is difficult, as they have not been operated on and were only treated by radiotherapy. Van der Linden, therefore, presented a totally different subgroup of patients. In our opinion, the Van der Linden score with only three groups (A, B, C) resulting from three prognostic factors (Karnofksy score, primary tumour, visceral metastases) is not applicable for patients that might undergo operation, as the best group (C)-with a Karnofsky score of 80 or better, a slowly growing tumour and no visceral metastases seldom will be admitted to surgery.
It is well accepted and has been demonstrated by several authors that primary tumour site is the most important prognostic factor for surival [2, 6, [14] [15] [16] . This major impact is well reflected by scoring for more points in the Tokuhashi revised score [14] , the Bauer score [2] , as well in part in the Tomita score [16] . The impact on general condition (normally reflected in the Karnofsky score [8] ) on a preoperative scoring system is controversially discussed [14] [15] [16] 20] . In accordance with Tomita [16] , we are of the opinion that spreading of a rapidly growing tumour is normally well-reflected in visceral metastases and often goes hand-in-hand with a decrease of the patients' general condition. Furthermore, especially patients with a major neurological deficit due to spinal metastases will present with a very low Karnofksy score as they are severely disabled. However, in these patients a low Karnofksy score under 40 could stand in contrast to an otherwise good general condition. In our series of 69 patients the Karnofsky score was not significant in multivariate analysis in contrast to visceral metastases.
Tokuhashi [14, 15] and Sioutos [13] included the presence and grade of a neurological deficit in their preoperative prognostic scoring system? In our series of 69 patients, pre-treatment neurological status has not been identified as a prognostic factor (Tables 2, 3 , 4, 5) . Again, in accordance with Tomita [16] , we are of the opinion that the presence of paralysis per se is not predictive of survival.
Whether patients with multiple myeloma should be included in a preoperative scoring system is discussed controversially. Bauer alone included them in his scoring system. Although per definition, multiple myeloma is a haematological disease and not a metastatic spread of a solid tumour, we propose that these patients should be included in the group with the best prognosis, as there are myeloma cases demanding operative treatment [6] .
In agreement with Bauer and Ulmar, we are of the opinion that the decision for or against surgery should never be based alone on a prognostic score but should take symptoms like pain or neurological compromise into account [1, 17] . Various other factors like estrogen receptor-positivity for metastatic breast cancer patients have been shown to be of a high predictive value and should therefore be included in the individual decision process [12] . With some rare exceptions like solitary kidney metastases, we regard treatment of metastatic disease always as palliative, with its sole goal to improve the quality of life [3, 6, 7, 14, 21] . Surgery remains only part of a multimodality treatment [7] .
Scores for spinal metastases may furthermore be highly influenced by the effectiveness of chemotherapy present at the time of the creation of the score. In 1991, the mean survival rate for patients with spinal metastases of renal carcinoma was reported to be only 8 months [9] , 15 years later a nearly doubled mean survival rate of 14 months was reported for a comparable group [18] , mainly due to the introduction of cytokine therapy. In our series of 15 patients with spinal metastases due to renal carcinoma, 7 patients had received this treatment. Further advances like the application of tyrosine kinase inhibitors might increase life expectancy of this group of patients. Spinal kidney cancer metastases might even shift from Tomita's medium growth group to the slow growth group. In contrast, the prognosis after a diagnosis of carcinoma of unknown primary metastatic to bone remains dismal with reported median survival periods between 2 and 7 months [11] .
In conclusion, the data of the present study emphasize that the original Bauer score and a modified Bauer score without scoring for pathologic fracture seem to be practicable and highly predictive preoperative scoring systems for patients with spinal metastases.
